Abstract: It is obvious that all the elements in a metallic
INTRODUCTION
The Co-Cr-Mo alloy is one of the most used implant alloys for artificial joints and offers a good combination of mechanical properties, corrosion resistance and biocompatibility. There are several types of Co-Cr-Mo materials used in the present. Each material has a different microstructure, as well as different optimized properties for a specific design or function. Stainless steels are a class of metallic materials that mostly have the properties required for materials that are used in the human body: chemical, thermal and mechanical stability, biocompatibility.
Martensitic and ferro-martensitic stainless steels are characterized by a proportion of the chromium and carbon content, so when the steel heats over the transformation temperature, its structure becomes austenitic, which turns to martensite cooling. In order to increase their resistance to hot oxidation, silicon is added, and they are alloyed with 2 ÷ 4% Ni to increase the tenacity. They are used in a recited and evolving state, not in a recoverable state. The martensitic stainless steels are strongly magnetic and can be hardened by heat treatment. Special heat treatment procedures must ensure a good balance between hardness and breakage properties. High hardness provides good wear resistance and sharp edges keep sharp. These alloys retain their mechanical properties and can be used for chisels, pliers, scissors, drills.
Ferrite stainless steels are characterized by an average content of 0.1 ÷ 0.35% C and 15 ÷ 30% Cr.
These are single-phase steels and therefore do not suffer structural changes in heating and cooling. At certain concentrations of carbon and chromium, some martensitic structural transformations may occur. These steels have a corrosion resistance superior to martensitic ones and a lower cost of austenitic.
Ferro-austenitic stainless steels constitute an intermediate family between ferrite and austenitic steels.
Austenitic-ferrite stainless steels are characterized by a content of: C ~ 0.05%, 8% Ni and 20-22% Cr. They have a very good resistance both to corrosion and high temperatures. By molybdenum alloying of these steels (1.5% Mo), good mechanical properties are obtained. Their structure is determined by the equilibrium between alpha elements (Cr, Mo, W, Si, Al, Ti, Nb) and gamma elements (C, Ni, Cu, Mn, N). Depending on the equivalents in Cr and Ni, the austenitic-ferrite domain separates the austenitic domain. At 12% nickel equivalent (E Ni ) and chromium equivalent (E Cr ) values of 19%, an austenitic-ferritic structure is obtained, so adjusting the content in alpha-and gamma-elements produces mixed austenite and ferrite structures. These structures present hot processing difficulties, many of which have a sensitivity to intergranular corrosion. Their properties can be modified by structural hardening.
Austenitic stainless steels are characterized by a low carbon content (C <0.1%), a content of 12 ÷ 25% Cr and 8 ÷ 30% Ni, having a certain proportion of alpha and gamma equivalents and a stability of austeniticity to very low temperatures. These steels have excellent mechanical properties, good corrosion resistance, easy processing by plastic deformation and good welding behavior. Austenitic stainless steel has a lower hardness than martensitic stainless steel but has better corrosion resistance than it does; therefore, in the field of medical devices are used in the manufacture of orthopedic implants and non-surgical instruments (such as drill guides or locating devices).
The representative mark for austenitic stainless steels is the one containing 18% Cr and 8% Ni, the quality that is mainly used. These steels do not have a transformation point, at least above the ambient temperature. They consist of a single phase, which can dissolve relatively large amounts of carbon, keeping it in a state of supersaturation after a sudden cooling. Another notable feature of the 316L steel is plastic deformation inside the grain. This material is usually used in a 30% cold deformation condition because the cold formed metal has a flow limit, breakage limit and fatigue strength that are heavily elevated to the recoating state.
MATERIALS AND METHODS
The scanning electron microscopy (SEM) study allows obtaining qualitative information on porosity, grain size, particle size, and microstructural and micro-composite information.
In addition, these studies can provide useful information for understanding physical phenomena in the field of micro or nanostructured materials. An advantage of the SEM type analysis is the depth of penetration of the relatively large field.
The microstructural analysis was performed in the microscopy laboratory at the FEMTO-ST Besançon Institute in France using the scanning electron microscope (Figures 1.a,b) . For a more accurate presentation of the particle morphology of the analyzed structures, SEM images, obtained for different areas of the analyzed sample, will be presented.
Surface roughness is defined as the set of irregularities that make up the real surface relief and whose pitch is relatively small relative to their depth. The average roughness of the surface (Ra) was determined using the profilometer type IQ Alpha-Step TENCOR, measuring the roughness at random points on the side surface of the piece. Parameters of interest are the average surface roughness (Ra) -which is defined as the arithmetic mean of the deviation from the median profile over the entire length measured, and squareness (Rq) -which is defined as the square root of the same values. The scientific component and test refers to the knowledge of phenomenology involved in the measurement process, including mathematical modeling. For the spectrochemical test of these samples, an optical spark emission spectrometer of the Foundry-Master type is used.
For the spectrochemical analysis of samples from biocompatible material, samples were taken from a stainless steel Ni-Cr AISI 316L batch. In order to evaluate the conformity of the batch bars with Φ 35mm, three probes (C, D, E) as in Figure 2 , were tested from the batch bars.
Samples were peeled and machined by milling. Subsequently, they were polished on surfaces, transversally. The results of the spectral tests of samples C, D, and E are presented in Table 2 . The samples were subjected to the grinding operation and for this purpose the MLG 11 sanding machine was used.
In addition to other AISI 316L steel samples, two types of bars (with Φ = 10 mm and Φ=6 mm) were tested spectrochimically. A special clamping device was used to investigate these bars. The results of the tests are presented in Table 2 . In order to clarify the performance of the method used, a reference material of type AISI 316L, which has the concentration specified by an accredited laboratory of Polytechnic University of Bucharest (UPB-SIM), has been used. The uncertainties of the UPB-SIM determinations on the reference sample are not estimated.
EXPERIMENTAL RESULTS
As can be seen in the figure in Figure 3 , the laser beam transversely scraps the mark during its construction. The appearance of the surface of the piece also suggests a beam passage along its outline (Figure 3 a, b) . Figure 4 shows the appearance of the side surface of the workpiece. The image also suggests a passage of the beam along its contour. The upper surface of the workpiece (the one processed by the laser beam) shows small dust or dimples (≈ 20-30 μm), figure 4 [8, 9] .
The piece has a rough appearance in the lateral surface, the roughness being more pronounced in the lateral surface than the front surface, as can be seen in Figures  3, 4 and in the data centralized in Table 1 .
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The front surface roughness is Ra frontal = 0.244 μm, while the side surface roughness has a side Ra = 2.553 μm. The obtained values are centralized in Table 1 [8] .
The lateral surface is much more irregular than the front surface.
Practically, the side surface consists of the powder particle profile, which was the origin of the piece manufacturing.
The rough appearance is clearly revealed in Figures 5-6 , which show the side faces of the workpiece. The detail in Figure 5 highlights the lateral area of the manufactured piece where the sintered powder particles can be seen. In the largest proportion, the particles have the dimensions in the range 20-30 μm (Figure 6 ), although some of the larger ones can be highlighted.
Experimental results by the Foundry Master emission spectrometer
From Figure 7 .c) it is observed that the concentration values of the Co element are non-homogeneous in the bar, after which the concentration of Co is homogenized. Cobalt has the highest coefficient of variation along the bar, which is 23%. It was found that the chromium element as well as the nickel have a homogeneous distribution along the bar, as can be seen in Figure 7 .a), and the carbon element as silicon, phosphorus, titanium, vanadium are almost homogeneous (Figure 7 .b). 
CONCLUSIONS
The dimensional precision and surface quality of laser selective sintering parts are better than conventional parts, this technology being fast, flexible and allowing for prototype manufacturing. It is noted that the microstructural changes obtained affect the mechanical properties and the wear properties. Therefore, after the analysis, heat treatment is recommended to improve the mechanical properties of the alloy without loss of corrosion resistance.
By comparing the carbon concentrations in the AISI 316L steel samples C, D, E with the values specified in SR ISO 5832-1/1999, they do not satisfy the requirements of the standard. Even if it is considered to fit the carbon at the lower limit of the confidence interval, the samples can not be considered biocompatible. The sample of Φ = 10 mm complies in the terms of SR ISO 5832-1/1999. Make a fit of the sample has Φ = 10 mm as biocompatible is risky because the real Carbon concentration is in the range [0.23 ÷ 0.37] with a probability of 95%. Therefore, it is very likely that the concentration value of Carbon is greater than 0.03%, in particular, it is risky to consider that the material is biocompatible. By comparing the data obtained from the UPB-SIM laboratory with the spectrochimic data obtained with the Foundry-Master instrument, it results that the concentration deviations are less than 0.01% for most of the dosed elements, and in the worst case they reach 0.56% what is normal for spectrochemical tests.
In this context, it can be considered that the method applied with the Foundry-Master spectrometer is at least at the level of performance of current modern apparatus. Under these circumstances, in order to evaluate the biocompatibility of AISI 316L type steels, it is necessary to improve the performance of the Foundry-Master spectrometer by reducing the impact of the influence factors.
